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In  2011  the  American  Association  of  Oral  and  Maxil¬ 
lofacial  Surgeons  and  its  Advisory  Committee  on  Re¬ 
search  Planning  and  Technology  Assessment  held  the 
fourth  research  summit  in  Rosemont,  IL.  The  biannual 
symposium,  cosponsored  by  the  American  Associa¬ 
tion  of  Oral  and  Maxillofacial  Surgeons,  the  Oral  and 
Maxillofacial  Surgery  Foundation,  and  the  National 
Institute  of  Dental  and  Craniofacial  Research,  aimed  at 
fostering  the  collaboration  of  oral  and  maxillofacial 
surgeons  and  experts  from  different  disciplines  and 
basic  science  researchers.  The  ultimate  goal  is  to 
improve  the  care  of  the  oral  and  maxillofacial  surgical 
patients  through  the  advancement  of  translational  and 
clinical  research. 

The  major  themes  of  head  and  neck  cancer,  ob¬ 
structive  sleep  apnea  (OSA),  and  craniofacial  develop- 
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ment  reflect  areas  in  which  oral  and  maxillofacial 
surgeons  have  opportunities  to  lead  advances  in  diag¬ 
nosis  and  directed  care. 


Head  and  Neck  Cancer 

Oral  and  maxillofacial  surgeons  are  often  involved 
in  the  diagnosis  and  management  of  patients  with 
head  and  neck  tumors.  With  the  development  of 
several  established  fellowship  programs  in  maxillofa¬ 
cial  oncology  and  reconstructive  surgery,  more  oral 
and  maxillofacial  surgeons  are  becoming  the  primary 
surgical  specialists  involved  in  the  management  of 
head  and  neck  cancer.  Currently,  there  are  17  resi¬ 
dency  programs  and  4  accredited  fellowship  training 
programs  headed  by  fellowship-trained  oncologic  sur¬ 
geons.  The  goals  of  this  section  of  the  research  sum¬ 
mit  were  to  highlight  some  of  the  important  advances 
in  head  and  neck  surgery  as  they  relate  to  oral  cavity 
cancer  and  to  emphasize  the  increasingly  important 
role  of  the  oral  and  maxillofacial  surgeon  in  the  man¬ 
agement  of  patients  with  head  and  neck  cancer. 

Role  of  Research  by  Oral  and  Maxillofacial 
Surgeons  Treating  Cancer,  by  Brent  B.  Ward, 
DDS,  MD,  University  of  Michigan:  If  a  specialty  is 
to  have  influence  in  a  particular  area  of  medical  prac¬ 
tice,  its  contribution  to  basic,  translational,  and  clini¬ 
cal  research  cannot  be  overlooked.  In  the  manage¬ 
ment  of  oral  and  maxillofacial  pathology,  several  areas 
continue  to  be  controversial,  such  as  premalignant 
epithelial  lesions  for  which  no  randomized  controlled 
data  are  available  to  define  standard  treatment  algo¬ 
rithms.  Oral  and  maxillofacial  surgeons’  abilities  to 
shape  clinical  care  for  patients  with  head  and  neck 
cancer  will  depend  on  their  abilities  individually  and 
as  a  specialty  to  contribute  to  the  medical  literature.  A 
survey  of  oral  and  maxillofacial  surgeons  involved  in 
the  management  of  patients  with  head  and  neck  can¬ 
cer  found  universal  agreement  that  the  most  impor- 
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tant  contribution  of  investigators  in  this  specialty  to 
date  was  the  consortium  effort  by  Montes  et  al. 1  This 
study  described  the  impact  of  maxillary  squamous  cell 
carcinoma  (SCC)  on  occult  neck  metastasis  in  the 
clinically  negative  neck,  and  further  showed  that  a 
group  of  surgeons  from  within  the  oral  and  maxillo¬ 
facial  surgical  specialty  could  collaborate  to  complete 
a  study  that  provided  enough  clinical  data  to  make  a 
meaningful  and  important  contribution  to  the  litera¬ 
ture  on  head  and  neck  cancer.  Today,  the  ability  of 
oral  and  maxillofacial  surgeons  to  individualize  treat¬ 
ment  for  patients  is  limited;  however,  with  further 
understanding  of  the  biologic  profiles  of  head  and 
neck  cancer,  they  will  be  able  to  stratify  patients 
according  to  risk  and  to  deliver  targeted  therapies  for 
patients.  As  oral  and  maxillofacial  surgeons  continue 
to  evolve  their  clinical  role  in  the  management  of 
patients  with  head  and  neck  cancer,  they  will  strive 
toward  defining  standards  of  care  and  discovering 
novel  therapies. 

Human  Papillomavirus-Related  Oropharyngeal 
Cancer,  by  Robert  I.  Haddad,  MD,  Dana  Farber 
Cancer  Institute,  Boston,  MA:  Head  and  neck  SCC 
(HNSCC)  is  an  important  public  health  problem 
worldwide.  Each  year,  HNSCC  constitutes  5%  of  new 
cancers  diagnosed  in  the  United  States  and  8%  of 
those  diagnosed  worldwide.2  The  primary  risk  factors 
remain  tobacco  and  alcohol  abuse,  but  a  growing 
number  of  cancers  of  the  oropharynx  are  found  in 
patients  without  these  risks.  Clinical,  molecular,  and 
epidemiologic  studies  of  these  patients  have  shown 
that  the  human  papillomavirus  (HPV)  is  associated 
with  an  increase  in  the  incidence  of  oropharyngeal 
cancers  in  patients  without  a  history  of  tobacco  or 
alcohol  use.3  Cancer  of  the  oral  cavity,  however,  still 
occurs,  predominantly  in  patients  with  a  history  of 
substantial  tobacco  and  alcohol  use. 

Patients  with  HPV-seropositive  HNSCC  exhibit  the 
following  characteristics:  1)  youth  (HPV-seropositive 
cancer  is  diagnosed  in  patients  in  their  40s  or  50s, 
whereas  smoking-related  cancer  is  generally  diag¬ 
nosed  in  patients  in  their  60s  or  70s),  2)  predomi¬ 
nantly  oropharyngeal  cancers,  3)  basaloid  histologic 
features,  4)  predominance  of  the  HPV-16  subtype, 
and  5)  an  excellent  prognosis  with  high  cure  rates 
despite  an  often  advanced  stage  at  presentation. 3,4 
Risk  factors  for  transmission  of  HPV  include  multiple 
vaginal  and  oral  sex  partners  and  young  age  at  onset 
of  sexual  activity.5  6  Case-control  studies  have  shown 
that  the  odds  ratio  for  HPV-16  seropositivity  in  pa¬ 
tients  with  oropharyngeal  cancer  is  14. 4. 7 

HPV  infection  can  be  detected  in  tumor  tissue 
through  in  situ  hybridization,  pl6  immunochemistry 
(a  biomarker  for  the  function  of  the  HPV-E7  oncopro¬ 
tein),  and  polymerase  chain  reaction  for  amplifying 
integrated  viral  proteins.8’9  Recent  studies  have  shown 
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that  HPV-16  seropositivity  in  oropharyngeal  cancer 
specimens  is  associated  with  a  better  prognosis  than 
HPV-16  seronegativity.911  In  addition,  the  prognosis 
is  best  for  nonsmokers  with  HPV- 1 6-positive  oropha¬ 
ryngeal  cancer  and  worst  for  smokers  with  HPV- 16- 
negative  cancer.  Total  pack-years  of  smoking  and  pl6 
positivity  are  independent  predictors  of  overall  sur¬ 
vival  and  disease-free  survival.9 

The  Ending  that  HPV-16  seropositivity  improves 
prognosis  has  implications  for  the  treatment  of  this 
subset  of  oropharyngeal  cancers.  The  standard  treat¬ 
ment  for  oropharyngeal  cancer  is  radiation  therapy 
with  concurrent  chemotherapy.12  Because  HPV-posi- 
tive  oropharyngeal  cancers  are  associated  with  a  bet¬ 
ter  prognosis,  current  and  planned  clinical  trials  are 
assessing  the  possibility  of  decreasing  the  intensity  of 
radiotherapy  to  improve  the  quality  of  life  after  treat¬ 
ment. 

In  summary,  HPV-positive  and  HPV-negative  oropha¬ 
ryngeal  cancers  are  separate  entities.  HPV-positive  can¬ 
cers  respond  better  to  chemoradiation  and  are  associ¬ 
ated  with  a  better  prognosis  and  higher  cure  rates. 
Future  trials  will  assess  modifications  in  the  treat¬ 
ment  of  patients  with  HPV-positive  oropharyngeal 
cancer,  with  the  goal  of  minimizing  morbidity  and 
maintaining  high  cure  rates. 

Sentinel  Node  Biopsy  for  Early  Oral  Cancer: 
Are  the  Findings  Compelling?  by  Francisco  J. 
Civantos,  MD,  University  of  Miami  Hospital  and 
Clinics,  Miami,  FL:  Management  of  the  clinically 
negative  neck  (NO)  in  patients  with  squamous  cell 
carcinoma  (SCC)  of  the  oral  cavity  remains  a  chal¬ 
lenge.  Currently,  there  is  no  method  to  assess  subclin- 
ical  metastasis  in  early  SCC  of  the  oral  cavity.  Elective 
selective  neck  dissection  is  the  standard  for  the  stag¬ 
ing  and  treatment  of  occult  cervical  metastases,  but  it 
is  not  without  substantial  potential  morbidity.1315 

The  sentinel  lymph  node  biopsy  (SLNB)  has  been 
used  as  a  less  invasive  alternative  for  staging  the  NO 
neck.  This  method  has  been  validated  in  clinical  trials 
assessing  treatment  for  melanoma.16’1  Briefly,  the 
tumor  is  injected  preoperatively  with  a  radiotracer 
(technetium-99m  sulfur  colloid)  that  is  then  detect¬ 
able  on  nuclear  imaging.  The  tracer  enters  the  inter¬ 
stitial  space,  flows  to  lymphatic  capillaries,  and  be¬ 
comes  trapped  in  contiguous  lymph  nodes.  A 
handheld  gamma  probe  is  used  to  detect  radioactivity 
in  the  neck  and  to  locate  nodes  with  substantial  ra¬ 
dioactivity  (>10%  uptake  of  the  radiotracer),  which 
are  removed  through  a  limited  incision.  The  nodes  are 
then  assessed  with  advanced  pathologic  techniques 
that  are  not  feasible  when  applied  to  larger  specimens 
obtained  by  standard  neck  dissection.18 

The  American  College  of  Surgeons  Oncology 
Group  Z0360  trial  was  a  prospective  multicenter 
study  conducted  at  25  institutions.19  The  study  in- 
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eluded  140  patients  with  T1  and  T2  oral  cancers  with 
NO  necks.  The  primary  tumor  was  injected  with  a 
radiotracer,  and  the  primary  tumor  and  sentinel  nodes 
were  excised  (median,  3  nodes  removed  per  patient). 
Subsequently,  the  incision  was  extended,  and  a  com¬ 
pletion  neck  dissection  (levels  I  to  IV)  was  performed. 
The  primary  outcome  variable  was  the  negative  pre¬ 
dictive  value  of  SLNB  results  compared  with  results 
obtained  by  complete  neck  dissection  (ie,  do  negative 
sentinel  nodes  predict  negativity  of  the  selective  neck 
dissection  specimen?).  Of  the  106  necks  with  nega¬ 
tive  SLNB  results,  100  had  no  additional  positive 
nodes  (negative  predictive  value,  94%).  The  negative 
predictive  value  improved  to  96%  when  finer  section¬ 
ing  and  immunohistochemical  analysis  of  specimens 
were  performed.  SLNB  detected  90.2%  of  the  40  pa¬ 
tients  with  positive  nodes  in  the  selective  neck  dis¬ 
section  specimen.  The  accuracy  of  SLNB  results  in¬ 
creased  with  the  experience  of  the  surgeon  and  was 
higher  for  tongue  lesions  than  for  lesions  in  the  floor 
of  the  mouth.  These  findings  corroborate  those  of 
other  trials,  including  the  multicenter  European  Sen¬ 
tinel  Node  Trial.18 

In  summary,  SLNB  can  be  applied  successfully  to 
cancer  of  the  oral  cavity.  It  allows  for  less  invasive 
staging  of  the  NO  neck  than  does  selective  neck  dis¬ 
section.  Currently,  SLNB  seems  to  be  most  useful  for 
low-risk  patients  with  NO  necks  who  would  otherwise 
undergo  watchful  waiting.  Future  goals  include  devel¬ 
oping  more  selective  radiotracers  and  improving  the 
accuracy  of  SLNB  by  the  adjunctive  use  of  molecular 
techniques  for  the  rapid  analysis  of  sentinel  nodes. 

Personalized  Targeted  Therapies  in  Head  and 
Neck  Cancer,  by  Joseph  A.  Califano,  MD,  Johns 
Hopkins  University  School  of  Medicine,  Balti¬ 
more,  MD:  Personalized  cancer  treatment  is  being 
actively  sought  with  the  goal  of  improving  patient 
outcomes.  The  development  of  molecular  techniques 
that  can  assess  DNA,  RNA,  protein,  and  metabolites 
has  increased  the  possibility  of  tailoring  medical  care 
to  a  specific  tumor  and  its  environment  within  a 
specific  patient.  Decreases  in  the  cost  of  whole-ge¬ 
nome  sequencing  have  improved  the  possibility  of 
gene-specific  cancer  therapy.20 

In  contrast  to  standard  cytotoxic  chemotherapy, 
newer  targeted  therapies  specifically  attack  signaling 
pathways  required  for  the  growth  of  cancers.  Protein 
phosphorylation  is  involved  in  the  proliferation  and 
differentiation  of  cells  and  is  carried  out  by  protein 
kinases,  such  as  tyrosine  kinase.21  Tyrosine  kinase 
inhibitors  have  been  developed  to  block  the  consti¬ 
tutive  activation  found  in  many  cancers.22  Epidermal 
growth  factor  receptor  (EGFR),  a  tyrosine  kinase  re¬ 
ceptor,  has  been  shown  to  be  overexpressed  in  most 
cases  of  HNSCC.  Its  presence  has  been  associated 
with  improved  survival,  probably  because  of  the  avail¬ 


ability  of  drugs  that  target  the  pathway.23'2^1  Inhibition 
strategies  include  EGFR  tyrosine  kinase  inhibitors  and 
antibodies  directed  at  EGFR.  For  example,  cetuximab, 
a  monoclonal  antibody  targeting  EGFR,  has  been 
shown  to  improve  5-year  survival  rates  when  admin¬ 
istered  with  radiotherapy  for  HNSCC.25 

The  molecular  biology  of  HNSCC  is  complex  and 
results  from  the  dysfunction  of  multiple  interacting 
pathways.  Mutations  identified  in  HNSCC  include 
p53,  ras,  and  pl6.26  Finding  mutations  with  the  po¬ 
tential  for  targeting  by  novel  drugs  is  the  goal  of 
cancer  genomic  screening.  In  general,  it  is  easier  to 
interfere  with  an  overexpressed  oncogene  than  to 
restore  a  tumor  suppressor  gene.  One  tumor  suppres¬ 
sor  gene,  p53,  leads  to  many  human  cancers  because 
after  loss  of  heterozygosity.27  Currently,  it  is  not  pos¬ 
sible  to  replace  mutated  tumor  suppressor  genes  within 
the  genome.  Researchers  are  assessing  the  therapeutic 
potential  of  other  genetic  changes,  including  changes 
within  promoters,  changes  in  splice  sites,  and  variations 
in  DNA  copy  number.  In  addition,  detection  of  genomic 
and  promoter  methylation  holds  promise  for  the  diag¬ 
nosis  and  treatment  of  HNSCC.28,29 

The  ability  to  assess  the  entire  genomic  sequence 
within  tumors  offers  the  potential  for  the  identifica¬ 
tion  of  novel  targets  that  can  result  in  targeted  cancer 
treatment.  Villarroel  et  al30  reported  success  using 
personalized  targeted  therapy  to  treat  a  single  patient 
with  end-stage  pancreatic  cancer  (disease  free  at  >36 
mo).  In  their  study,  they  performed  global  genomic 
sequencing  of  the  cancer  and  created  a  personalized 
xenograft  to  allow  in  vitro  testing  of  potential  drugs. 
An  allelic  mutation  in  a  DNA  repair  gene  was  found 
that  explained  the  in  vitro  and  in  vivo  sensitivity  of 
the  patient’s  cancer  to  the  DNA-damaging  agent  mi¬ 
tomycin  C,  a  drug  not  typically  used  to  treat  advanced 
pancreatic  cancer.  Although  this  case  is  encouraging, 
use  of  genomic  sequencing  and  in  vitro  screening  for 
every  cancer  is  currently  cost  prohibitive. 

Advances  in  the  understanding  of  the  molecular 
biology  of  HNSCC  provide  the  potential  for  targeted 
or  personalized  treatment.  Continued  progress  de¬ 
pends  on  using  high-throughput  technology  to  iden¬ 
tify  novel  therapeutic  targets  within  the  genome  of 
these  cancers. 

Management  of  Obstructive  Sleep 
Apnea 

Research  in  Diagnosing  and  Treating  Obstruc¬ 
tive  Sleep  Apnea,  by  Peter  D.  Waite,  MPH,  DDS, 
MD,  University  of  Alabama,  Birmingham:  Despite 
a  references  to  sleep  in  Greek  mythology,  sleep  re¬ 
mains  a  poorly  understood  topic.  Obstructive  sleep 
apea  (OSA)  is  a  potentially  life-threatening  medical 
disorder  with  estimated  prevalences  of  24%  and  9%  in 
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adult  male  and  female  patients,  respectively.31  A  sur¬ 
gical  intervention  for  OSA  is  often  indicated  when 
other  conservative  therapies  such  as  continuous  pos¬ 
itive  airway  pressure  (CPAP)  are  unsuccessful  or  in¬ 
tolerable  to  the  patient.32  Maxillomandibular  advance¬ 
ment  (MMA),  a  procedure  commonly  carried  out  by 
the  oral  and  maxillofacial  surgeon,  has  proved  to  be  a 
successful  treatment  option  for  OSA.33  Despite  an 
increase  in  popularity,  there  remains  a  critical  gap  in 
the  understanding  of  the  role  of  maxillomandibular 
advancement  and  its  treatment  efficacy  in  the  man¬ 
agement  of  OSA.  Research  in  OSA  is  a  relevant  topic 
in  oral  and  maxillofacial  surgery  and  provides  oppor¬ 
tunities  for  interested  oral  and  maxillofacial  surgical 
investigators  to  develop  novel  and  relevant  contribu¬ 
tions  to  the  specialty  and  to  improve  overall  health 
care. 

Biomarkers  for  Obstructive  Sleep  Apnea,  by 
Atul  Malhotra,  MD,  Harvard  Medical  School, 
Cambridge,  MA:  OSA  has  definitive  effects  on  car¬ 
diovascular  and  neurocognitive  health.34  Unfortu¬ 
nately,  these  detrimental  effects  are  often  clinically 
underappreciated  early  in  the  disease  process,  al¬ 
though  serious  morbidities  are  known  to  occur.  Day¬ 
time  somnolence  in  patients  with  OSA  results  in  a 
7-fold  increase  in  motor  vehicle  crashes.35  OSA  also 
leads  to  increases  in  the  risk  of  hypertension,36'39 
myocardial  infarction,40  stroke,41  cardiac  dysrhyth¬ 
mia,32’43  and  sudden  death.'13  As  obesity  rates  in  the 
United  States  increase,  the  incidence  of  OSA  and  its 
systemic  sequelae  will  increase  correspondingly.35 

Because  of  ethical  and  logistical  barriers  to  with¬ 
holding  treatment  from  symptomatic  and  asymptom¬ 
atic  patients  with  OSA,  definitive  randomized  clinical 
trials  have  been  problematic.34  Currently,  the  diagno¬ 
sis  of  OSA  is  made  through  polysomnography,  which 
can  be  difficult  and  expensive  to  perform.  Recent 
studies  have  focused  on  the  development  of  potential 
biomarkers  for  OSA.  The  ideal  biomarker  would  have 
1  of  the  following  characteristics:  1)  high  sensitivity 
and  specificity  for  detecting  disease;  2)  a  dose-re¬ 
sponse  correlation  with  the  severity  of  disease;  3)  an 
ability  to  detect  a  response  to  treatment  and  to  allow 
the  measurement  of  treatment  efficacy;  and  4)  in¬ 
volvement  in  a  known  causal  pathway  that,  when 
changed,  provides  a  reliable  surrogate  outcome  mea- 

46 

surement. 

Currently,  no  ideal  biomarker  exists.  Candidates 
include  high-sensitivity  plasma  C-reactive  protein,3^ 
high-sensitivity  interleukin-6,  and  soluble  interleu¬ 
kin-6  receptor.38  Markers  of  endothelial  function, 
such  as  homocysteine,  may  also  prove  to  be  bene¬ 
ficial. 39,0  A  recent  study  has  shown  that  decreases 
in  C-reactive  protein  concentrations  are  associated 
with  improved  responses  to  multilevel  surgery  for 
OSA.51  Further  assessment  of  these  potential  bio¬ 
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markers  is  needed  to  establish  their  relation  to  OSA 
and  the  response  to  treatment.  A  promising  area  of 
research  includes  the  assessment  of  levels  of  can¬ 
didate  biomarkers  in  patients  undergoing  MMA. 

Morbidity  and  Mortality  Associated  With  Ob¬ 
structive  Sleep  Apnea,  by  Naresh  M.  Punjabi, 
MD,  PhD,  Johns  Hopkins  University  School  of 
Medicine,  Baltimore,  MD:  Partial  or  complete  air¬ 
way  obstruction  leading  to  apneas,  hypopneas,  and 
recurrent  arousals  during  sleep  characterizes  sleep- 
disordered  breathing  (SDB)  and  OSA.  Disruptions  in 
ventilation  during  sleep  lead  to  decreased  blood  oxy¬ 
gen  content  and  its  resultant  effects  on  systemic 
health.  OSA  impairs  cognitive  function,  work  perfor¬ 
mance  and  decreases  quality  of  life.52 

Only  in  the  past  20  years  has  SDB  become  a  re¬ 
search  priority.  With  increasing  rates  of  obesity,  the 
National  Institutes  of  Health  sought  to  define  the 
public  health  impact  of  SDB  through  research  initia¬ 
tives.  The  Sleep  Heart  Health  Study53  and  the  Wiscon¬ 
sin  Sleep  Cohort  Studies53  were  established  in  re¬ 
sponse  to  these  goals.  These  studies  are  ongoing 
prospective  cohort  studies  investigating  OSA  and  SDB 
as  risk  factors  for  cardiovascular  disease. 

Patients  with  OSA  enrolled  in  the  Sleep  Heart 
Health  Study  have  been  found  to  be  at  increased  risk 
of  various  systemic  diseases.  Patients  with  an  increas¬ 
ing  apnea-hypopnea  index  (AHI)  have  exhibited  in¬ 
creased  rates  of  hypertension.55  Other  analyses  have 
shown  a  linear  odds  ratio  between  OSA  and  conges¬ 
tive  heart  failure  in  men  younger  than  70  years.56  Of 
these  men,  those  with  an  AHI  of  30  or  higher  had  a 
68%  higher  risk  of  incident  coronary  heart  disease 
than  those  with  an  AHI  lower  than  5. 56  In  2006, 
Mehra  et  al38  found  that,  compared  with  persons 
without  SDB,  subjects  with  SDB  had  4  times  the  odds 
of  developing  atrial  fibrillation,  3  times  the  odds  of 
nonsustained  ventricular  tachycardia,  and  nearly  2 
times  the  odds  of  complex  ventricular  ectopy.  In 
2010,  Redline  et  al5  showed  that  men  with  moderate 
to  severe  OSA  had  an  approximately  3-fold  higher  risk 
of  ischemic  stroke.  In  2004,  Punjabi58  showed  that 
subjects  with  moderate  to  severe  OSA  had  higher 
rates  of  glucose  intolerance,  independent  of  other  risk 
factors.  Moreover,  OSA  was  found  to  be  associated 
with  all-cause  and  cardiovascular  disease-related  mor¬ 
tality,  independent  of  other  variables;  the  association 
was  highest  for  men  40  to  70  years  old  with  an  AHI 
higher  than  30. 59 

OSA  and  SDB  have  a  substantial  impact  on  car¬ 
diovascular  health  and  mortality.  Research  in  the 
form  of  randomized  clinical  trials  is  needed  to  op¬ 
timize  treatments  that  decrease  the  morbidity  and 
mortality  rates  associated  with  increasing  rates  of 
OSA  and  SDB. 
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Phenotyping  to  Understand  Obstructive  Sleep 
Apnea,  by  David  P.  White,  MD,  Harvard  Medical 
School,  Cambridge,  MA:  OSA  results  from  the  re¬ 
petitive  collapse  of  various  levels  of  the  upper  airway 
during  sleep:  behind  the  uvula,  the  soft  palate,  and 
the  tongue.  The  etiologic  pathogenesis  of  OSA  varies 
considerably  among  patients,  and  proper  treatment 
may  require  an  individualized  approach.*’0 

Four  physiologic  traits  are  believed  to  contribute  to 
OSA:  1)  airway  anatomy;  2)  upper  airway  response 
(pharyngeal  dilator  muscle  control);  3)  arousal  re¬ 
sponse  to  respiratory  stimuli;  and  4)  loop  gain  (ven¬ 
tilatory  control  instability). 

Airway  anatomy:  It  has  been  well  documented  that 
patients  with  OSA  have  small,  collapsible  airways. 
This  defect  may  be  due  to  a  small  bony  compartment 
surrounding  the  airway  (ie,  mandibular  or  maxillary 
hypoplasia)  or  to  an  increase  of  soft  tissue  sur¬ 
rounding  the  airway  (ie,  obesity  and  increased 
parapharyngeal  adipose  tissue).61  Airway  size  has 
been  extensively  studied  through  imaging  (com¬ 
puted  tomography  and  magnetic  resonance  imag¬ 
ing)  and  acoustic  reflection,  but  its  physiologic  sta¬ 
tus  is  best  measured  by  the  critical  closing  pressure, 
which  represents  the  pressure  in  the  airway  above 
the  point  at  which  collapse  occurs.  Airway  size 
depends  on  the  intraluminal  negative  pressure  cre¬ 
ated  by  diaphragmatic  contraction  and  the  extralu¬ 
minal  tissue  pressure,  which  can  be  modified  by 
contraction  of  pharyngeal  dilators  such  as  the  ge- 
nioglossus  muscle.60 

Upper  airway  response:  Collapsing  forces  on  the 
airway  are  countered  by  the  activation  of  pharyn¬ 
geal  dilators.  This  response  is  especially  important 
in  the  anatomically  deficient  airway.  The  genioglos- 
sus  is  the  best  understood  pharyngeal  dilator;  it 
contracts  as  the  result  of  several  inputs  within  a 
reflex  pathway.  The  first  input  is  negative  pressure- 
induced  activation  of  laryngeal  mechanoreceptors  af¬ 
ter  diaphragmatic  contraction.  This  activation  ulti¬ 
mately  leads  to  stimulation  of  the  genioglossus  by  the 
hypoglossal  nerve.  A  phasic  respiratory  activation  pat¬ 
tern  also  exists  whereby  the  genioglossus  is  activated 
100  ms  before  diaphragmatic  activation,  thereby  pre¬ 
paring  the  airway  for  subsequent  airflow.  Although  a 
person  is  awake,  a  tonic  stimulus  from  stimulatory 
neurons  (serotonergic  and  noradrenergic)  also  keeps 
the  genioglossus  active.  This  stimulus  decreases  dur¬ 
ing  sleep,  and  this  decrease  leads  to  partial  or  com¬ 
plete  collapse  of  susceptible  airways.62  The  individual 
variability  in  the  recruitment  of  pharyngeal  dilator 
muscles  and  the  ability  of  these  muscles  to  maintain  a 
patent  airway  may  lead  to  inconsistencies  in  the  se¬ 
verity  of  OSA  and  the  response  to  treatment. 

Arousal  response  to  respiratory  stimuli:  The 
threshold  to  arousal  from  sleep  because  of  respira¬ 


tory  stimuli  (negative  pressure,  increased  C02  lev¬ 
els,  and  decreased  02  levels)  is  highly  variable  be¬ 
tween  individuals.63  Patients  with  compromised 
airways  must  remain  asleep  long  enough  to  allow  for 
the  recruitment  of  pharyngeal  dilator  muscles,  and 
those  with  low  arousal  thresholds  may  not  remain 
asleep  long  enough  to  use  the  compensatory  mecha¬ 
nisms  outlined  above.  Repetitive  arousals  and  obstruc¬ 
tive  events  prevent  proper  pharyngeal  dilation.  A  pa¬ 
tient’s  threshold  to  arousal  could  be  measured  by 
decreasing  the  airway  pressure  to  the  point  of  limited 
airflow;  such  a  measurement  may  serve  as  an  addi¬ 
tional  means  of  individualizing  treatment. 

Loop  gain  (ventilatory  control  instability):  The  re¬ 
spiratory  mechanism  is  tightly  regulated  to  maintain 
CO,  and  02  levels  within  a  narrow  range  by  multiple 
feedback  loops.  Loop  gain  indicates  the  instability  of 
these  feedback  loops  and  measures  a  patient’s  suscep¬ 
tibility  to  periodic  breathing.  Loop  gain  is  quantified 
as  the  ratio  between  ventilatory  response  and  venti¬ 
latory  disturbance.  The  greater  response  to  small 
disturbances,  the  greater  the  loop  gain  and  overall 
instability.  Furthermore,  controller  gain  and  plant 
gain  are  2  variables  that  control  loop  gain.  Control¬ 
ler  gain  indicates  a  patient’s  responsiveness  to  in¬ 
creases  in  C02  levels,  whereas  plant  gain  indicates 
the  effectiveness  of  a  level  of  ventilation  in  elimi¬ 
nating  C02.  A  high  plant  gain  is  seen  in  cases  of  low 
functional  residual  capacity,  decreased  dead  space, 
low  cardiac  output  or  metabolic  rate,  and  high  C02 
levels.64 

Ventilator  control  instability  (loop  gain)  is  an  im¬ 
portant  aspect  in  the  development  of  OSA.  The  cyclic 
nature  of  the  respiratory  system  with  its  complex 
feedback  loops  sets  up  predisposed  patients  to  unsta¬ 
ble  patterns  of  respiration  and  upper  airway  muscle 
contraction,  leading  to  airway  collapse. 

The  anatomy  of  the  upper  airway,  the  response  of 
the  airway  musculature,  the  arousal  response  to  in¬ 
creasing  C02  levels,  and  loop  gain  are  4  phenotypic 
traits  that  make  relative  contributions  to  OSA.  A 
model  has  been  developed  to  predict  which  of  these 
traits  plays  the  largest  role  in  a  given  case  of  OSA. 
Modification  of  the  appropriate  contributors  to  a  pa¬ 
tient’s  OSA  offers  the  potential  for  individualized  ther¬ 
apy. 

Cleft  and  Craniofacial  Anomalies 

Cleft  and  Craniofacial  Research,  by  Timothy  A. 
Turvey,  DDS,  University  of  North  Carolina  School 
of  Dentistry,  Chapel  Hill:  Facial  clefts  and  cranio¬ 
facial  malformations  provide  an  exciting  field  for  in¬ 
vestigation.  Many  unanswered  questions  remain  re¬ 
garding  the  extrinsic  and  intrinsic  causes  of  clefts  and 
other  malformations.  In  unilateral  cleft  lip  and  palate, 
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why  is  the  left  side  affected  more  than  the  right? 
Clefts  affect  all  cellular  layers  but  to  different  extents, 
leaving  heterogenous  defects.  Why  are  clefts  larger  at 
the  nasal  base  than  at  the  alveolus?  Identifying  the 
underlying  etiology  genetically  and  phenotypically 
would  open  the  door  for  prevention  and/or  early 
diagnosis  and  subsequent  management  by  gene  ther¬ 
apy. 

Unanswered  clinical  research  questions  on  the 
treatment  of  clefts  include  determining  the  best  time 
for  repair,  the  type  of  closure,  and  defining  a  role  for 
regenerative  medicine.  Strong  mentorship  and  collab¬ 
oration  within  oral  and  maxillofacial  surgery  are 
needed  to  answer  these  questions  through  evidence- 
based  clinical  and  basic  science  research. 

Research  in  Facial  Development,  by  Ralph  S. 
Marcucio,  PhD,  University  of  California,  San 
Francisco:  Craniofacial  malformations  are  among  the 
most  common  congenital  defects.  Although  the  ge¬ 
netic  basis  of  many  facial  malformations  has  been 
elucidated,  the  diversity  of  phenotypes  that  results 
from  a  particular  mutation  is  poorly  understood.  New 
insight  into  the  role  of  the  brain  in  facial  morphogen¬ 
esis  has  provided  some  clarity. 

Holoprosencephaly  is  the  most  common  develop¬ 
mental  defect  of  the  human  forebrain,  affecting  1  in 
1,250  pregnancies  and  1  in  16,000  live  births.65,66 
This  condition  can  result  from  mutations  in  the  sonic 
hedgehog  (SHH)  pathway  or  other  signaling  path¬ 
ways;  these  mutations  disrupt  the  midline  facial  pat¬ 
terning  of  the  embryo.  Curiously,  mutations  of  the 
same  gene  within  the  SHH  pathway  can  lead  to  a  wide 
spectrum  of  facial  phenotypes. 

The  SHH  pathway  plays  a  crucial  role  in  patterned 
facial  growth  through  its  interaction  with  the  fore¬ 
brain,  neural  crest  cells,  and  the  frontonasal  ectoder¬ 
mal  zone.0  68  Sonic  hedgehog  signaling  from  the 
frontonasal  ectodermal  zone  acts  to  control  growth 
centers  involved  in  the  morphogenesis  of  the  face, 
specifically  the  maxilla.6  68  Experiments  have  shown 
that  the  signaling  can  be  inhibited  by  directed  anti¬ 
bodies.  A  series  of  experiments  producing  various 
levels  of  SHH  signaling  in  chick  embryos  has  shown 
that  decreases  in  signaling  lead  to  a  continuous  nar¬ 
rowing  of  the  frontonasal  prominence,  progressive 
hypotelorism,  and  medial  maxillary  rotation.  Increases 
in  SHH  signaling  lead  to  progressive  midfacial  widen¬ 
ing  and  lateral  divergence  of  the  maxilla.69  This  work 
showed  that  alterations  in  SHH  activity  in  the  brain 
have  predictable  effects  on  midfacial  size,  shape,  and 
growth,  with  a  particular  effect  on  facial  width.  The 
variation  in  facial  width  seems  to  range  from  the 
narrowed  extreme  (holoprosencephaly,  cyclopia) 
from  a  complete  absence  of  SHH  signaling  to  the 
hypertelorism  seen  in  the  activating  mutations  of  the 
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SHH  seen  in  nevoid  basal  cell  carcinoma  (Gorlin) 
syndrome. 

These  findings  suggest  that  variations  in  SHH  sig¬ 
naling  between  the  brain  and  the  face  contribute  to 
normal  midfacial  variations  in  width,  shape,  and  size. 
SHH  signaling  may  be  the  mechanism  by  which  ge¬ 
netic  variation  leads  to  phenotypic  patterns  in  facial 
development  and  may  have  implications  for  diagnosis 
and  treatment. 

Growth  Factor  Regulation  of  Osteoblast  Differ¬ 
entiation  and  Bone  Quality,  by  Tamara  Alliston, 
PhD,  University  of  California,  San  Francisco: 

Bone  derives  its  strength  from  a  combination  of  size, 
shape,  density,  and  material  properties.  0  The  mate¬ 
rial  properties  of  bone  (ie,  bone  quality)  are  derived 
from  the  bone  matrix,  specifically  the  extracellular 
matrix  produced  by  osteoblasts  and  osteocytes.  1 
Bone  mass  and  density  have  been  well  studied  under 
normal  conditions  and  in  disease  states  (eg,  osteopo¬ 
rosis  and  osteoarthritis),  but  little  is  known  about  the 
effect  of  bone’s  material  properties  and  quality  on 
bone  disease  processes. 

The  mechanical  properties  of  the  extracellular  ma¬ 
trix  are  tissue  specific  and  result  in  a  range  of  moduli 
of  elasticity.  2  For  example,  the  modulus  of  elasticity 
of  the  brain  and  the  lung  are  low,  whereas  that  of 
bone  and  teeth  is  much  higher.  The  material  proper¬ 
ties  of  the  bone  matrix  have  been  shown  to  be  devel- 
opmentally  regulated  and  anatomically  distinct,  but 
the  developmental  mechanism  remains  unclear.  3 

In  a  mouse  model  established  for  assessing  the 
properties  (elastic  modulus)  of  the  bone  matrix  inde¬ 
pendent  of  bone  mass  and  architecture,  transforming 
growth  factor-/)  (TGF-/3)  signaling  levels  were  found 
to  correlate  with  bone  matrix  properties.71  Specifi¬ 
cally,  increases  in  TGF-/3  signaling  led  to  bone  depo¬ 
sition  with  decreased  elastic  modulus  and  hardness, 
whereas  decreases  in  TGF-/3  signaling  increased  the 
hardness  of  the  bone  matrix.  Subsequently,  it  was 
shown  that  TGI7-/)  exerts  its  effects  through  a  down¬ 
stream  transcription  factor,  Runx2,  which  affects  os¬ 
teoblast  differentiation.  '  Deregulated  TGF-/3  or  Runx2 
function  was  then  found  to  be  involved  in  osseous 
diseases  associated  with  hearing  loss,  such  as  cleido¬ 
cranial  dysplasia.78  This  pathway  seems  to  be  essen¬ 
tial  for  hearing  because  it  is  responsible  for  the  for¬ 
mation  of  the  distinctly  hard  bone  matrix  needed  for 
cochlear  function. 

The  focus  of  future  studies  is  to  further  characterize 
the  TGF-/3  signaling  pathway  and  its  effects  on  bone 
extracellular  matrix  quality.  These  studies  may  dis¬ 
close  the  relation  between  the  molecular  and  physical 
mechanisms  that  influence  bone  quality.  Regulation 
of  this  molecular  pathway  could  potentially  serve  as  a 
therapeutic  target  for  treating  different  systemic  bone 
disorders. 
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Neural  Crest  Cells  and  Signaling  Mechanism  of 
Palatogenesis,  by  Yang  Chai,  DDS,  PhD,  Univer¬ 
sity  of  Southern  California:  Cleft  palate,  a  common 
congenital  birth  defect  resulting  from  the  failure  of 
palatal  fusion,  has  medical,  psychological,  social,  and 
economic  consequences.  The  palate  develops  from 
the  ectomesenchyme  and  pharyngeal  ectoderm  de¬ 
rived  from  the  cranial  neural  crest.76  Overlying  the 
palatal  shelves  are  the  oral,  nasal,  and  medial  edge 
epithelia.  The  medial  edge  epithelium  is  eventually 
removed  by  apoptosis  and  cell  migration  to  allow  for 
palatal  fusion. 

Mutations  within  the  TGF-/3  signaling  pathway  have 
been  found  to  be  associated  with  cleft  palate  in  mice 
and  humans.'8,79  TGF-/3  signaling  is  necessary  for  the 
proliferation  of  the  palatal  mesenchyme  derived  from 
the  cranial  neural  crest;  this  mesenchyme  provides 
palatal  shelf  growth  and  apoptosis  of  the  medial  edge 
epithelium  required  for  palatal  fusion.80  82 

Because  the  murine  palate  and  the  human  palate 
exhibit  substantial  genetic  overlap  and  develop  simi¬ 
larly,  the  mouse  model  has  contributed  greatly  to  the 
understanding  of  the  molecular  mechanism  of  palatal 
development.  Conditionally  knocking  out  the  TGF-/33 
receptor  in  mice  has  led  to  a  lack  of  cranial  neural 
crest  cell  proliferation  and  complete  clefting  of  the 
secondary  palate.81,82  Recent  studies  have  uncovered 
novel  TGF-/3  signaling  mechanisms  through  Smad  pro¬ 
teins  and  p38  mitogen-activated  protein  (MAP)  kinase 
pathways  and  can  be  replicated  in  the  mouse 
model.83,84  Modulation  of  this  pathway  in  mutated 
mice  has  been  shown  to  allow  for  rescue  of  prolifer¬ 
ative  defects  in  palatal  explants  and  the  prevention  of 
clefting.83  Such  modulation  provides  great  promise 
for  the  manipulation  of  TGF-/3  signaling  in  humans  for 
the  prevention  and  treatment  of  cleft  palate. 

Acknowledgments 

The  authors  thank  Martin  Gonzalez  for  his  help  in  organization  of 
the  AAOMS  Research  Summit  and  for  review  of  this  manuscript. 


References 

1.  Montes  DM,  Carlson  ER,  Fernandes  R,  et  al:  Oral  maxillary 
squamous  carcinoma:  An  indication  for  neck  dissection  in  the 
clinically  negative  neck.  Head  Neck  33:1581 

2.  Jemal  A,  Siegel  R,  Xu  J,  et  al:  Cancer  statistics,  2010.  CA  Cancer 
J  Clin  60:277,  2010 

3.  McKaig  RG,  Baric  RS,  Olshan  AF:  Human  papillomavirus  and 
head  and  neck  cancer:  Epidemiology  and  molecular  biology. 
Head  Neck  20:250,  1998 

4.  Gillison  ML,  Koch  WM,  Capone  RB,  et  al:  Evidence  for  a 
causal  association  between  human  papillomavirus  and  a 
subset  of  head  and  neck  cancers.  J  Natl  Cancer  Inst  92:709, 
2000 

5.  D’  Souza  G,  Kreimer  AR,  Viscidi  R,  et  al:  Case-control  study  of 
human  papillomavirus  and  oropharyngeal  cancer.  N  Engl  J  Med 
356:1944,  2007 

6.  Gillison  ML,  D’Souza  G,  Westra  W,  et  al:  Distinct  risk  factor 
profiles  for  human  papillomavirus  type  1 6-positive  and  human 


papillomavirus  type  1 6-negative  head  and  neck  cancers.  J  Natl 
Cancer  Inst  100:407,  2008 

7.  Mork  J,  Lie  AK,  Glattre  E,  et  al:  Human  papillomavirus  infection 
as  a  risk  factor  for  squamous-cell  carcinoma  of  the  head  and 
neck.  N  Engl  J  Med  344:1125,  2001 

8.  Kingma  DW,  Allen  RA,  Caughron  SK,  et  al:  Comparison  of 
molecular  methods  for  detection  of  HPV  in  oral  and  oropha¬ 
ryngeal  squamous  cell  carcinoma.  Diagn  Mol  Pathol  19:218, 
2010 

9.  Ang  KK,  Harris  J,  Wheeler  R,  et  al:  Human  papillomavirus  and 
survival  of  patients  with  oropharyngeal  cancer.  N  Engl  J  Med 
363:24,  2010 

10.  Fakhry  C,  Westra  WH,  Li  S,  et  al:  Improved  survival  of  patients 
with  human  papillomavirus-positive  head  and  neck  squamous 
cell  carcinoma  in  a  prospective  clinical  trial.  J  Natl  Cancer  Inst 
100:261,  2008 

1 1 .  Weinberger  PM,  Yu  Z,  Haffty  BG,  et  al:  Molecular  classification 
identifies  a  subset  of  human  papillomavirus — Associated  oro¬ 
pharyngeal  cancers  with  favorable  prognosis.  J  Clin  Oncol 
24:736,  2006 

12.  Worden  FP,  Ha  H:  Controversies  in  the  management  of  oro¬ 
pharynx  cancer.  J  Natl  Compr  Cancer  Netw  6:707,  2008 

13-  Kuntz  AL,  Weymuller  EA  Jr:  Impact  of  neck  dissection  on 
quality  of  life.  Laryngoscope  109:1334,  1999 

14.  Chepeha  DB,  Hoff  PT,  Taylor  RJ,  et  al:  Selective  neck  dis¬ 
section  for  the  treatment  of  neck  metastasis  from  squamous 
cell  carcinoma  of  the  head  and  neck.  Laryngoscope  112:434, 
2002 

15.  Rogers  SN,  Ferlito  A,  Pellitteri  PK,  et  al:  Quality  of  life  following 
neck  dissections.  Acta  Otolaryngol  124:231,  2004 

16.  Krag  DN,  Meijer  SJ,  Weaver  DL,  et  al:  Minimal-access  surgery 
for  staging  of  malignant  melanoma.  Arch  Surg  130:654,  1995 

17.  McMasters  KM,  Reintgen  DS,  Ross  MI,  et  al:  Sentinel  lymph 
node  biopsy  for  melanoma:  Controversy  despite  widespread 
agreement.  J  Clin  Oncol  19:2851,  2001 

18.  Alkureishi  LW,  Ross  GL,  Shoaib  T,  et  al:  Sentinel  node  biopsy  in 
head  and  neck  squamous  cell  cancer:  5-Year  follow-up  of  a 
European  multicenter  trial.  Ann  Surg  Oncol  17:2459,  2010 

19.  Civantos  FJ,  Zitsch  RP,  Schuller  DE,  et  al:  Sentinel  lymph  node 
biopsy  accurately  stages  the  regional  lymph  nodes  for  T1-T2 
oral  squamous  cell  carcinomas:  Results  of  a  prospective  multi- 
institutional  trial.  J  Clin  Oncol  28:1395,  2010 

20.  Jones  S,  Zhang  X,  Parsons  DW,  et  al:  Core  signaling  pathways 
in  human  pancreatic  cancers  revealed  by  global  genomic  anal¬ 
yses.  Science  321:1801,  2008 

21.  Broekman  F,  Giovannetti  E,  Peters  GJ:  Tyrosine  kinase  inhibi¬ 
tors:  Multi-targeted  or  single-targeted?  World  J  Clin  Oncol  2:80, 
2010 

22.  Madhusudan  S,  Ganesan  TS:  Tyrosine  kinase  inhibitors  in  can¬ 
cer  therapy.  Clin  Biochem  37:618,  2004 

23.  Ishitoya  J,  Toriyama  M,  Oguchi  N,  et  al:  Gene  amplification  and 
overexpression  of  EGF  receptor  in  squamous  cell  carcinomas 
of  the  head  and  neck.  Br  J  Cancer  59:559,  1989 

24.  Rubin  Grandis  J,  Melhem  MF,  Gooding  WE,  et  al:  Levels  of 
TGF-alpha  and  EGFR  protein  in  head  and  neck  squamous 
cell  carcinoma  and  patient  survival.  J  Natl  Cancer  Inst  90: 
824,  1998 

25.  Bonner  JA,  Harari  PM,  Giralt  J,  et  al:  Radiotherapy  plus  cetux- 
imab  for  locoregionally  advanced  head  and  neck  cancer:  5-Year 
survival  data  from  a  phase  3  randomised  trial,  and  relation 
between  cetuximab-induced  rash  and  survival.  Lancet  Oncol 
11:21,  2010 

26.  Kim  MM,  Califano  JA:  Molecular  pathology  of  head-and-neck 
cancer.  IntJ  Cancer  112:545,  2004 

27.  Nemunaitis  J,  Nemunaitis  J:  Head  and  neck  cancer:  Response  to 
p53-based  therapeutics.  Head  Neck  33:131,  2011 

28.  Langevin  SM,  Stone  RA,  Bunker  CH,  et  al:  MicroRNA-137 
promoter  methylation  is  associated  with  poorer  overall  sur¬ 
vival  in  patients  with  squamous  cell  carcinoma  of  the  head 
and  neck.  Cancer  117:1454,  2011 

29.  Brieger  J,  et  al:  Demethylation  treatment  restores  hicl  expres¬ 
sion  and  impairs  aggressiveness  of  head  and  neck  squamous 
cell  carcinoma.  Oral  Oncol  46:678 


PROCEEDINGS  FROM  2011  AAOMS  RESEARCH  SUMMIT 


1278 


30.  Villarroel  MC,  Pongsapich  W,  Mann  SA,  et  al:  Personalizing 
cancer  treatment  in  the  age  of  global  genomic  analyses:  PALB2 
gene  mutations  and  the  response  to  DNA  damaging  agents  in 
pancreatic  cancer.  Mol  Cancer  Ther  10:3,  2010 

31.  Young  T,  Palta  M,  Dempsey  J,  et  al:  The  occurrence  of  sleep- 
disordered  breathing  among  middle-aged  adults.  N  Engl  J  Med 
328:1230,  1993 

32.  Practice  parameters  for  the  treatment  of  obstructive  sleep 
apnea  in  adults:  The  efficacy  of  surgical  modifications  of  the 
upper  airway.  Report  of  the  American  Sleep  Disorders  Associ¬ 
ation.  Sleep  19:152,  1996 

33-  Prinsell  JR:  Maxillomandibular  advancement  surgery  in  a  site- 
specific  treatment  approach  for  obstructive  sleep  apnea  in  50 
consecutive  patients.  Chest  116:1519,  1999 

34.  Malhotra  A,  Loscalzo  J:  Sleep  and  cardiovascular  disease:  An 
overview.  Prog  Cardiovasc  Dis  51:279,  2009 

35.  Teran-Santos  J,  Jimenez-Gomez  A,  Cordero-Guevara  J:  The  as¬ 
sociation  between  sleep  apnea  and  the  risk  of  traffic  accidents. 
Cooperative  Group  Burgos-Santander.  N  Engl  J  Med  340:847, 
1999 

36.  Brooks  D,  Horner  RL,  Kozar  LF,  et  al:  Obstructive  sleep  apnea 
as  a  cause  of  systemic  hypertension.  Evidence  from  a  canine 
model.  J  Clin  Invest  99:106,  1997 

37.  Pepperell  JC,  Ramdassingh-Dow  S,  Crosthwaite  N,  et  al: 
Ambulatory  blood  pressure  after  therapeutic  and  subthera- 
peutic  nasal  continuous  positive  airway  pressure  for  ob¬ 
structive  sleep  apnoea:  A  randomised  parallel  trial.  Lancet 
359:204,  2002 

38.  Peppard  PE,  Young  T,  Palta  M,  et  al:  Prospective  study  of  the 
association  between  sleep-disordered  breathing  and  hyperten¬ 
sion.  N  Engl  J  Med  342:1378,  2000 

39-  Logan  AG,  Tkacova  R,  Perlikowski  SM,  et  al:  Refractory  hyper¬ 
tension  and  sleep  apnoea:  Effect  of  CPAP  on  blood  pressure 
and  baroreflex.  Eur  Respir  J  21:241,  2003 

40.  Shahar  E,  Whitney  CW,  Redline  S,  et  al:  Sleep-disordered 
breathing  and  cardiovascular  disease:  Cross-sectional  results  of 
the  Sleep  Heart  Health  Study.  Am  J  Respir  Crit  Care  Med 
163:19,  2001 

41.  Valham  F,  Mooe  T,  Rabben  T,  et  al:  Increased  risk  of  stroke  in 
patients  with  coronary  artery  disease  and  sleep  apnea:  A  10- 
year  follow-up.  Circulation  118:955,  2008 

42.  Garni  AS,  Hodge  DO,  Herges  RM,  et  al:  Obstructive  sleep 
apnea,  obesity,  and  the  risk  of  incident  atrial  fibrillation.  J  Am 
Coll  Cardiol  49:565,  2007 

43.  Kanagala  R,  Murali  NS,  Friedman  PA,  et  al:  Obstructive  sleep 
apnea  and  the  recurrence  of  atrial  fibrillation.  Circulation  107: 
2589,  2003 

44.  Yaggi  HK,  Concato  J,  Kernan  WN,  et  al:  Obstructive  sleep 
apnea  as  a  risk  factor  for  stroke  and  death.  N  Engl  J  Med 
353:2034,  2005 

45.  Olshansky  SJ,  Passaro  DJ,  Hershow  RC,  et  al:  A  potential  de¬ 
cline  in  life  expectancy  in  the  United  States  in  the  21st  century. 
N  Engl  J  Med  352:1138,  2005 

46.  Shih  JL,  Malhotra  A:  Could  vitamins  be  helpful  to  patients  with 
sleep  apnea?  Chest  139:237,  2011 

47.  Punjabi  NM,  Beamer  BA:  C-reactive  protein  is  associated  with 
sleep  disordered  breathing  independent  of  adiposity.  Sleep 
30:29,  2007 

48.  Mehra  R,  Storfer-Isser  A,  Kirchner  HL,  et  al:  Soluble  interleukin 
6  receptor:  A  novel  marker  of  moderate  to  severe  sleep-related 
breathing  disorder.  Arch  Intern  Med  166:1725,  2006 

49.  Yeh  SY,  Rahangdale  S,  Malhotra  A:  Metabolic  syndrome,  ob¬ 
structive  sleep  apnea,  and  continuous  positive  airway  pressure: 
A  weighty  issue.  Chest  134:675,  2008 

50.  Lavie  L:  Obstructive  sleep  apnoea  syndrome — An  oxidative 
stress  disorder.  Sleep  Med  Rev  7:35,  2003 

51.  Kezirian  EJ,  Malhotra  A,  Goldberg  AN,  et  al:  Changes  in  ob¬ 
structive  sleep  apnea  severity,  biomarkers,  and  quality  of  life 
after  multilevel  surgery.  Laryngoscope  120:1481,  2010 

52.  Jackson  ML,  Howard  ME,  Barnes  M:  Cognition  and  daytime 
functioning  in  sleep-related  breathing  disorders.  Prog  Brain  Res 
190:53,  2011 

53-  Quan  SF,  Howard  BV,  Iber  C,  et  al:  The  Sleep  Heart  Health 
Study:  Design,  rationale,  and  methods.  Sleep  20:1077,  1997 


54.  Young  T:  Rationale,  design  and  findings  from  the  Wisconsin 
Sleep  Cohort  Study:  Toward  understanding  the  total  societal 
burden  of  sleep  disordered  breathing.  Sleep  Med  Clin  4:37, 
2009 

55.  Nieto  FJ,  Young  TB,  Lind  BK,  et  al:  Association  of  sleep-disor¬ 
dered  breathing,  sleep  apnea,  and  hypertension  in  a  large 
community-based  study.  Sleep  Heart  Health  Study.  JAMA  283: 
1829,  2000 

56.  Gottlieb  DJ,  Yenokyan  G,  Newman  AB,  et  al:  Prospective  study 
of  obstructive  sleep  apnea  and  incident  coronary  heart  disease 
and  heart  failure:  The  Sleep  Heart  Health  Study.  Circulation 
122:352,  2010 

57.  Redline  S,  Yenokyan  G,  Gottlieb  DJ,  et  al:  Obstructive  sleep 
apnea-hypopnea  and  incident  stroke:  The  Sleep  Heart  Health 
Study.  Am  J  Respir  Crit  Care  Med  182:269,  2010 

58.  Punjabi  NM:  Improvement  of  metabolic  function  in  sleep  ap¬ 
nea:  The  power  of  positive  pressure.  Am  J  Respir  Crit  Care  Med 
169:139,  2004 

59.  Punjabi  NM,  Caffo  BS,  Goodwin  JL,  et  al:  Sleep-disordered 
breathing  and  mortality:  A  prospective  cohort  study.  PLoS  Med 
6:el000132,  2009 

60.  White  DP:  Pathogenesis  of  obstructive  and  central  sleep  apnea. 
Am  J  Respir  Crit  Care  Med  172:1363,  2005 

61.  Schwab  RJ,  Pasirstein  M,  Pierson  R,  et  al:  Identification  of 
upper  airway  anatomic  risk  factors  for  obstructive  sleep  apnea 
with  volumetric  magnetic  resonance  imaging.  Am  J  Respir  Crit 
Care  Med  168:522,  2003 

62.  Berry  RB,  McNellis  MI,  Kouchi  K,  et  al:  Upper  airway  anesthe¬ 
sia  reduces  phasic  genioglossus  activity  during  sleep  apnea. 
Am  J  Respir  Crit  Care  Med  156:127,  1997 

63.  Gleeson  K,  Zwillich  CW,  White  DP:  The  influence  of  increasing 
ventilatory  effort  on  arousal  from  sleep.  Am  Rev  Respir  Dis 
142:295,  1990 

64.  Wellman  A,  Jordan  AS,  Malhotra  A,  et  al:  Ventilatory  control 
and  airway  anatomy  in  obstructive  sleep  apnea.  Am  J  Respir 
Crit  Care  Med  170:1225,  2004 

65.  Demyer  W,  Zeman  W,  Palmer  CG:  The  face  predicts  the  brain: 
Diagnostic  significance  of  median  facial  anomalies  for  holo- 
prosencephaly  (arrhinencephaly).  Pediatrics  34:256,  1964 

66.  Muenke  M,  Cohen  MM  Jr:  Genetic  approaches  to  understand¬ 
ing  brain  development:  Holoprosencephaly  as  a  model.  Ment 
Retard  Dev  Disabil  Res  Rev  6:15,  2000 

67.  Hu  D,  Marcucio  RS,  Helms  JA:  A  zone  of  frontonasal  ectoderm 
regulates  patterning  and  growth  in  the  face.  Development 
130:1749,  2003 

68.  Marcucio  RS,  Cordero  DR,  Hu  D,  et  al:  Molecular  interactions 
coordinating  the  development  of  the  forebrain  and  face.  Dev 
Biol  284:48,  2005 

69.  Young  NM,  Chong  HJ,  Hu  D,  et  al:  Quantitative  analyses  link 
modulation  of  sonic  hedgehog  signaling  to  continuous  varia¬ 
tion  in  facial  growth  and  shape.  Development  137:3405,  2010 

70.  Hernandez  CJ,  Keaveny  TM:  A  biomechanical  perspective  on 
bone  quality.  Bone  39:1173,  2006 

71.  Balooch  G,  Balooch  M,  Nalla  RK,  et  al:  TGF-beta  regulates  the 
mechanical  properties  and  composition  of  bone  matrix.  Proc 
Natl  Acad  Sci  U  S  A  102:18813,  2005 

72.  Engler  AJ,  Sen  S,  Sweeney  HL,  et  al:  Matrix  elasticity  directs 
stem  cell  lineage  specification.  Cell  126:677,  2006 

73-  Currey  JD:  What  determines  the  bending  strength  of  compact 
bone?  J  Exp  Biol  202:2495,  1999 

74.  Mohammad  KS,  Chen  CG,  Balooch  G,  et  al:  Pharmacologic 
inhibition  of  the  TGF-beta  type  I  receptor  kinase  has  ana¬ 
bolic  and  anti-catabolic  effects  on  bone.  PLoS  ONE  4:e5275, 
2009 

75.  Chang  JL,  Brauer  DS,  Johnson  J,  et  al:  Tissue-specific  cali¬ 
bration  of  extracellular  matrix  material  properties  by  trans¬ 
forming  growth  factor-beta  and  Runx2  in  bone  is  required 
for  hearing.  EMBO  Rep  11:765,  2010 

76.  Ferguson  MW:  Palate  development.  Development  103:41, 
1988  (suppl) 

77.  Martinez-Alvarez  C,  Tudela  C,  Perez-Miguelsanz  J,  et  al:  Medial 
edge  epithelial  cell  fate  during  palatal  fusion.  Dev  Biol  220:343, 
2000 


PEACOCK  ET  AL 


1279 


78.  Lidral  AC,  Romitti  PA,  Basart  AM,  et  al:  Association  of  MSX1  and 
TGFB3  with  nonsyndromic  clefting  in  humans.  Am  J  Hum 
Genet  63:557,  1998 

79.  Loeys  BL,  Chen  J,  Neptune  ER,  et  al:  A  syndrome  of  altered 
cardiovascular,  craniofacial,  neurocognitive  and  skeletal  devel¬ 
opment  caused  by  mutations  in  TGFBR1  or  TGFBR2.  Nat  Genet 
37:275,  2005 

80.  Brunet  CL,  Sharpe  PM,  Ferguson  MW:  Inhibition  of  TGF-beta 
3  (but  not  TGF-beta  1  or  TGF-beta  2)  activity  prevents 
normal  mouse  embryonic  palate  fusion.  Int  J  Dev  Biol  39: 
345,  1995 

81.  Kaartinen  V,  Voncken  JW,  Shuler  C,  et  al:  Abnormal  lung 
development  and  cleft  palate  in  mice  lacking  TGF-beta  3  indi¬ 


cates  defects  of  epithelial-mesenchymal  interaction.  Nat  Genet 
11:415,  1995 

82.  Proetzel  G,  Pawlowski  SA,  Wiles  MV,  et  al:  Transforming 
growth  factor-beta  3  is  required  for  secondary  palate  fusion. 
Nat  Genet  11:409,  1995 

83-  Chai  Y,  Maxson  RE  Jr:  Recent  advances  in  craniofacial  morpho¬ 
genesis.  Dev  Dyn  235:2353,  2006 

84.  Xu  X,  Han  J,  Ito  Y,  et  al:  Ectodermal  Smad4  and  p38  MAPK  are 
functionally  redundant  in  mediating  TGF-beta/BMP  signaling 
during  tooth  and  palate  development.  Dev  Cell  15:322,  2008 

85.  Cui  XM,  Shiomi  N,  Chen  J,  et  al:  Overexpression  of  Smad2  in 
Tgf-beta3-null  mutant  mice  rescues  cleft  palate.  Dev  Biol  278: 
193,  2005 


